Land uses has significant impact on soil biological properties that incessantly intimates the soil quality change and are assessed by soil microbial and biochemical indicators, as they are highly sensitive to change in environment. The purpose of this study was to investigate the impact of land use on soil enzyme activities and gene diversity in selected location of Northwestern Himalayas, India. Nine different land use system of similar soil type at depth 0-15cm were analyzed for soil enzymes (Dehydrogenase, Acid Phosphatase, Alkaline Phosphatase, Nitrate Reductase, Arylsulphatase, and Phytase) and genetic fingerprints (Randomly Amplified Polymorphic DNA) analysis. The land use systems investigated are Oak (Quercus incana), Deodar (Cedrus deodara), Pine (Pinus roxburghii) trees, Apple orchids and crop based systems in uplands and valleys. All the soil enzymes were significantly higher in forest ecosystem followed by organic farm and conventional maize-wheat farm soil. The principal component analysis (PCA) of nine different land use systems based on soil enzymes shows significant variation in data and all the long-term agricultural lands were segregated together. However maize-wheat and organic farm are group together in the PCA plot. Hierarchical clustering by wards method of soil enzymes clusters the deodar forest soil, oak forest soil and organic farming in one cluster and segregates remaining land use system in another. RAPD analysis showed high polymorphism between samples and similarity indexing using unweighted pair-group method with arithmetic averages resulted in four clusters. Land use showed significantly negative impact on soil enzymes and genetic fingerprints in long-term agricultural lands as compared to natural forest ecosystem and organic farming as reveal by RAPD assisted marker.
biochemical signal to facilitate biogeochemical cycles (Kolter and greenberg, 2006; Kibblewhite et al., 2008) . Chief constituent of these reactions are soil microbial enzymes, which also insinuate the quality change in soil with respect to environmental and anthropogenic factors such as climate, temperature, fertilizer etc. Soil enzymes regulate the nutrient supply and catalyze several reactions including organic matter decompositions (Burns, 1983; Sinsabaugh et al., 1991) and nutrient cycling (Tabatabai, 1994; Dick, 1997) . In addition, it responds swiftly to environmental signals and therefore the use of soil enzyme activities as soil quality indicator will reveal biological status of the soil (Melero et al., 2006; garcía-Ruiz et al., 2008) . There is strong relationship between microbial diversity and soil functionality as microbes mediate most of the processes of soil. To assess the microbial diversity culture dependent techniques seems bias, as only 1-4 % of microbes can be cultivated in-vitro. is quite helpful to understand the genetic makeup of soil. Random Amplified Polymorphic DNA (RAPD) has been widely used in species classification and phylogenetic analysis of plants (Elmeer et al., 2009) , animals (Stepniak et al., 2002) and microorganisms (Araujo et al., 2004) . RAPD analysis is highly useful technique to compare the land use systems as it can illustrates the variance in genetic composition or structure for similar type of soils due to environmental or anthropogenic change.
There is limited documentation on Indian Himalayas on the effect of land use systems on microbial biochemical indicators (ghosh and Dhyani, 2005; Justin et al., 2012) . The objective of the present study was to investigate the impact of different land use systems of similar soil type on soil enzymes and genetic fingerprints of soil microbes in the North-Western Himalayan region. The information generated on soil enzymes, microbial biomass carbon and RAPD markers assisted genetic fingerprints would be useful to evaluate the effect of different land use systems on soil biological health.
MAtERIALS AND MEtHoDS

Study site
Nine land use systems located in Almora region of Uttarakhand, India were selected for the study. Of this, four systems of completely different management practices (organic farming, soybeanwheat, maize-wheat, fodder crops) are located at the experimental farm, Hawalbagh (29° 36'N and 79°40'E at 1250 m above mean sea level) of Vivekananda Institute of Hill Agriculture, Almora and upland rice from Someshwar valley, which is 25 km away from the farm. The forestland use systems represent undisturbed oak (2400 amsl) and pine (1800 amsl) forest of Binsar wildlife sanctuary (29º37' N and 79º20' E) and deodar forest of Jageshwar (29.65°N 79.58°E). Detail of sample locations and some physiochemical characteristics are shown in Table  1 .
Soil and weather characteristics
The parent material of these soils consists of mica, schist, slates, sand stone, and calcium deficient granite and seynite rocks (Singh et al. 2000) . genetically these soils come under climatogenic podsolized grey-brown forest soils. All the systems were having acidic soil reaction except the soils of cultivated fields, which were slightly acidic. The climate is sub temperate, characterized by moderate summer (May-June), extreme winter (Dec-Jan) and general dryness, except during the southwest monsoon season (June-Sept). During the sampling period in July 2012 the temperature was 30.1°C (max), 20.9°C (min) and average rainfall was 137.5 mm.
Soil sampling
Three composite soil samples from each site of 0-15cm depth were collected in July 2012. For making one composite sample, five soil cores were taken and mixed. Like other workers (Patra et al. 2006 ) pseudo-replication approach of sampling was adopted. The field moist soil samples were kept stored in refrigerator at temperature less than 4 o C for preserving the enzyme activities till the analysis were over. All chemical results are mean of triplicate analysis and expressed on oven dry basis. Soil moisture was determined after drying at 105°C for 24 h.
Soil Enzyme activities Dehydrogenase
Soil dehydrogenase activity was determined using the method of Klein et al. (1985) by the mixture of 0.2 ml of 3% triphenyltetrazolium chloride (TTC) solution and 0.5 ml of 1% glucose to 1 gm soil sample. Samples were incubated at 28 o C for 24 hours and then 10 ml of methanol was added and again incubated at 28 o C for 8 hours. The pull out triphenyl formazan (TPF) was measured by absorbance at 485 nm.
Acid and Alkaline Phosphatase
Acid and Alkaline phosphatase activity was estimated calorimetrically using the method described by Tabatabai and Bremner (1969) . For each soil, sample two sets of 1gm (2 mm sieved) soil were taken in 50 ml conical flasks. Out of these two sets, one set was used as control. 0.2 mL toluene and 4 mL of Modified Universal Buffer (MUB) at pH 6.5 (for acid phosphatase) and pH 11(for alkaline phosphatase) were added to all flasks. p-nitrophenyl phosphate (0.025M) was added was used as substrate and samples were incubated at 37 o C for one hour. After incubation, 1 ml of 0.5M CaCl 2 and 4 ml of 0.5M NaOH were added and swirled for few seconds. The yellow color intensity of the filtrates were measure spectrophotometrically at a wavelength of 440 nm (blue filter). The amount of p-nitrophenol formed in each samples were calculated from the standard curve drawn. Acid phosphatase activity was expressed in terms of µg p-nitrophenol released per gram of soil per hour.
Nitrate reductase
For soil nitrate reductase assay 5 ml of 0.1 M KNO 3 solution was added to 5 g soil, incubated at 28 °C for 24 h and the amount of NO 2 -formed was estimated according to Roberg (1978) 
Arylsulphatase
Arylsulfatase activity was estimated calorimetrically using the method described by Tabatabai and Bremner (1970) . For each soil sample two sets of 1gm (2 mm sieved) soil were taken in 50 ml conical flasks. Out of these two sets, one set was used as control. Toluene 0.25 ml and 4 ml of acetate buffer at pH 5.8 were added to all flasks. p-nitrophenyl sulfate (0.025M) was added to samples as substrate and incubated at 37 o C for one hour. After incubation, 1 ml of 0.5M CaCl 2 and 4 ml of 0.5M NaOH were added. In addition, 1 ml of p-nitrophenyl phosphate (0.025M) was added to remaining set (control) of the samples. The yellow color intensity of the filtrates were measure spectrophotometrically at a wavelength of 440 nm (blue filter). The amount of p-nitrophenol formed in each samples were calculated from the standard curve drawn. Arylsulfatase activity was expressed in terms of µg p-nitrophenol released per gram of soil per hour.
Phytase
Phytase activity was assayed by the method of Ames (1966) . One gram sieved soil was placed in 15 ml capacity screw cap test tube. In samples, 100 M sodium acetate buffer (pH 4.5) and 1 ml of sodium phytate (1 mM) were added and incubated at 37°C for 1 h. The reaction was terminated by the addition of 0.5 ml 10% trichloroacetic acid (TCA) (CCl 3 COOH). Proteins precipitated by TCA were removed by centrifugation at 10,000 rpm for 10 minutes and the supernatant was analyzed for liberated inorganic P, using chlorostannous reduced molybdophosphoric blue colour method as described by Jackson (1973) . One unit of phytase activity was defined as the amount of enzyme, which liberated 1 m mole Pi per minute at 37°C.
Soil Randomly Amplified Polymorphic DNA Analysis Microbial community DNA extraction
The DNA was extracted using Power Soil DNA isolation kit (Mo Bio Laboratories Inc.) according to manufacture instruction. The soil DNA was loaded on 1 % agarose gel, run for 1 hour in horizontal electrophoresis unit (Biorad) with TrisBorate-EDTA buffer at 80V to check the purity, and quantified by nanodrop.
Polymerase chain reaction (PcR) amplification
PCR Reaction mixtures (25 µl) contains 2.5 µl of 10× dilution buffer 10pmol/reaction random primers, 200 µM of each dNTP, 1.0 U of PR DNA polymerase (Bangalore genei, India), and 100 ng of purified soil DNA. Amplification was performed in a thermal cycler (Biorad) after a hot start at 94°C for 5 min, followed by 44 cycles consisting of 94°C for 1 min, 37°C for 1 min, and 72°C for 2 min, final extension of for 7min at 72°C. Amplicons were resolved in 1 % agarose gel containing 0.5ug/ml ethidium bromide and run for 3 hours at 80 V with cooling.
Statistical Analysis
Two-way analysis of variance (ANOVA) and Duncan's multiple range test (DMRT) for comparison of means were performed using software SPSS version 16. Unless otherwise stated, the level of significance referred to in the results is P < 0.05. Mean values by one way annova was subjected to principal component analysis (PCA) and hierarchical culturing by Wards method was performed by PAST 3.x statistical software. For RAPD amplified fragments were transformed into binary character matrix "1" for presence and "0" for absence of band using Total Lab 100 software (Clara Vision, France). The binary character matrices were assembled by the NTSYS-pc version 2.02 computer program (Rohlf, 2001). The dendrogram was constructed using the unweighted pairs group method with arithmetic average (UPgMA-Tree construction method). The pair wise association coefficients were calculated from the qualitative data matrix using Jaccard's similarity coefficient.
RESuLt AND DIScuSSIoN
Soil Enzymes
Dehydrogenase activity was recorded highest in deodar forest soil while the fodder crop and apple plantation showed significantly lower values ( Table 2 ). Contrary to inorganic fertilizer long term used agricultural farms, organically maintained agricultural farm exhibits higher DHA activity (11.6 µg TPF g -1 soil h -1
). Agro-ecosystems in an average of one way annova mean found to have 36.54 % less DHA activity in comparison to forest ecosystems. Dehydrogenase enzymes involves in electron transport systems of oxygen metabolism and requires an intracellular environment to express its activity and so considered as efficient indicator of overall microbial function (Samuel, Kucharski et al., 1996) . In our study the organic farm soil exhibits 40.5 % higher dehydrogenase activity as compared to other agricultural management practice soil similar ). Comparatively the cultivated soil exhibits lesser acid phosphatase activity: Fodder < Soybean-wheat < Upland rice < Apple plantation < Maize-wheat < Organic farm. Alkaline phosphatase was also found to vary significantly (p < 0.05) among the different land use systems. Alkaline phosphatase activity were recorded highest in oak forest (315.4 µg PNP g -1 soil h Nitrate reductase activity was significantly (p < 0.05) higher in organic farm (1.98 mg kg -1 ) and maize wheat cultivated system (1.83 mg kg -1 ). The organic farming have regular dressing of pine bedded FYM, which might have influenced the process of dissimilatory nitrogen reduction (Tiedje et al., 1982) . Nitrate reductase activity is efficient indicator of alteration in nutrient status in soil as reported by earlier studies by Ramana et al. (2008) and Poobathiraj et al. (2012) . Forest soils experience anaerobic condition due to the continuous litter fall, which enhance nitrate reductase activities (Rutting et al., 2011) . Similarly in our study forest soil showed higher nitrate reductase activity after organic farm and maize wheat farm systems. The average arylsulfatase activity ranged from 11.57 µg PNP g -1 hr -1 in apple plantation soil to 222.78 µg PNP g -1 hr -1 in case of oak forest soil. Except oak and deodar soils, all the other ecosystem soil showed significantly reduced arylsulfatase activity followed in order: Upland rice > Maizewheat farm > organic farm H" Soybean-wheat H" Pine forest H" Fodder crops > Apple Plantation farm. Mineralizations of sulfur were carried out by soil arylsulfatase (Tabatabai, 1994) and it catalyzes the hydrolysis of ester sulfate bonds. Arylsulfatase enzyme are highly sensitive to soil properties and management practices as observed by Bandick et al., 1999 , Dick et al., 1988 and Frankenberger and Dick, 1983 . Forest generally contains higher fungal biomass as reported by Arunkumar et al. 2013 and under acidic soil reactions enhances arylsulfatase activities due to its strong association with ergosterol (Balota et al., 2004) which is almost exclusively found in fungi (Newell et al., 1987) . Similarly, in this study significantly higher values of arylsulfatase were recorded in oak and deodar forest soil in comparison to other cultivated lands. ) which indicates better P cycling abilities in organic amendments as compared to the inorganic fertilizer used cultivated systems which result in phosphorus immobilization.
Principal component analysis, linear regression and Hierarchical clustering
The principal component analysis of soil enzymes and number of polymorphic bands by RAPD shows segregation of nine different land use systems. The first principal component axis (PC1) explained 81.8% while the second principal component axis (PC2) explained 9.5% of the variance in the data (Fig 3) . Except maize-wheat and organic farming plot soils other cultivated ecosystem soils (soybean wheat, upland rice, fodder, apple system) were segregated to left of the PCA plot and while oak and deodar forest system soils segregated on lower right of the plot. The highest positive loading score of PC1 is for deodar soil (3.48) followed by deodar soil (3.34), organic farm soil (1) and maize-wheat soil (0.22). Our results were in accordance with Silva et al. 2012 that principal component analysis distinguish agricultural soil from forest soil based biological properties. In a similar study by gonnety et al. (2012) different land use system are clustered based on enzymatic analysis on PCA plot and their study also suggest the use of soil enzymes for monitoring soil quality. Linear regression plot shows the positive and significant correlation between the soil enzymes and microbial biomass carbon, which suggest the sensitivity of these enzymes as ecological indicators of soil quality (Fig 2) . These data are consistent with Moscatelli et al. (2005) that soil biological and biochemical indicator such as soil enzymes when linked with its origin carbon source i.e. microbial biomass carbon can be an efficient indicator for detecting deterioration of soil quality. Soil dehydrogenase activity highly correlated with microbial biomass carbon (Y = 0.022x -4.429, r 2 = 0.824, P < 0.05, n = 9×3=27) in comparison to other enzymes. Hierarchical clustering by Ward's method of soil enzymes of different land use system clusters the land use systems in two major clusters. The deodar forest, oak forest and organic farm soil in one major cluster, however the pine forest and all other cultivated land soils were clustered in other major cluster. Our results are in accordance with Masto et al. 2012 that soil enzymes are highly sensitive and have the ability to cluster the different land use or treatments with respect to soil quality. This study has shown that changing land use and cropping history have intense impact on soil biochemical indicators. The RAPD markers found to be an effective measure of soil biological health when linked with soil biochemical indicators. Soils under forest ecosystem showed invariably highest values of all the parameters and in contract, cultivated systems showed lower values of soil enzymes investigated in this experiment. The high deposition of leaf litters and no anthropogenic disturbances are perhaps the major reasons for such observation in forest soil as compared to cultivated soil where long term use of agricultural chemical may cause unfavorable conditions to soil health. RAPD analysis showed high polymorphism between the samples and thus proved to be an efficient indicator of change in land use pattern. Further studies are needed to identify the differences in genetic composition of different soil that will perk up our knowledge on sustainable agriculture in true sense.
Soil
